, adiponectin receptor 1 (AdipoR1) and AdipoR2, transduce adiponectin signals in many target tissues, including the liver, heart, kidney and pancreas 4 . But an understanding of the mechanisms by which these receptors propagate the vast array of physiological effects that have been attributed to adiponectin has remained elusive. Vasiliauskaité-Brooks et al. 5 provide structural and biochemical evidence on page 120 that adiponectin receptors have inherent activity as ceramidase enzymes, modulating metabolism by hydro lysing the lipid ceramide to produce two other signalling molecules -sphingosine and a free fatty acid.
Ceramide is a member of the sphingolipid class of biologically active lipid that induces desensitization to the effects of insulin and promotes inflammation and cell death. Normal concentrations of sphingo lipids are crucial for the structural integrity and function of the plasma membrane -aberrant accumulation can promote a condition known as metabolic syndrome, whereas targeted disruption of sphingo lipid synthesis in rodents diminishes the development of a range of disorders, including insulin resistance and heart failure associated with the toxic accumulation of lipid inter mediates 6 . Hydrolysis of ceramide by ceramidase produces sphingosine, which is then phosphorylated to sphingosine 1-phosphate (S1P) in cells. In contrast to the harmful effects of ceramide, S1P potently induces cell proliferation and inhibits programmed cell death. Ceramide, sphingosine, S1P and free fatty acids can therefore all act as mediators of metabolism-related signal transduction.
The first clues to the enigmatic mechanism by which AdipoRs act emerged when researchers noted similarities between these receptors and ceramidases 7 . AdipoRs are members of the progesterone and adipoQ receptor (PAQR) family, which have seven transmembrane structural domains. They contain three highly evolutionarily conserved residues of the amino acid histidine, which mirror similar residues in a bacterial ceramidase 8 . In the ceramidase, these histidine residues hold a zinc ion in the catalytic site -this ion is essential for enzyme activity.
A body of evidence now demonstrates that AdipoRs control lipid metabolism at least in part by mediating ceramidase activity. In yeast, a PAQR depends on ceramidase for its activity 7 , and human AdipoR1 and AdipoR2 can promote ceramidase activity in ceramidasedeficient yeast 7, 9 . Our lab has found evidence 4 in mice that adiponectin exerts its beneficial metabolic effects by activating a ceramidase activity that is somehow regulated by the conserved histidine residues in AdipoR1 and AdipoR2. We have also shown that overexpression of these receptors in liver and fat cells potently improves systemic lipid and glucose metabolism by lowering ceramide levels in an adiponectin-dependent fashion 10 . Inverse correlations between the levels of sphingolipids and adiponectin have been reported 11, 12 in adult and adolescent humans, suggesting that this signalling pathway is widespread.
But whether the receptors themselves have an intrinsic enzymatic activity has remained under debate, because reports have suggested that AdipoR1 may instead interact with a recruited ceramidase 13 . Supporting an inherent catalytic activity for the receptors, crystal structures of human AdipoRs have revealed 14 that the conserved histidine residues hold a zinc ion in a hydrophobic binding pocket, and mutation of these residues abolishes activation of the enzyme AMPK -a downstream effect of adiponectin signalling 15 . Now, Vasiliauskaité-Brooks and colleagues have generated crystal structures of human AdipoR2 that complement these previous findings, demonstrating for the first time that the catalytic activity is a ceramidase activity. the wing would then push the air upwards. However, mosquitoes use a clever trick: rather than having a fixed pivot for wing rotation around the leading edge, the axis of rotation moves, and halfway through the rotation, the centre of rotation migrates from the leading edge of the wing to the trailing edge. This means that, towards the end of rotation, the wing pushes down rather than up on the air. It is not clear how mosquitoes accomplish this feat. This phenomenon has not been described in other insects, although it is possible that some might use the trick.
In TEV enhancement through wake capture, the mosquito wing's trailing edge encounters strong air flow from its wake at the end of each translational sweep. The movement of the air relative to the wing separates the flow at the trailing edge and induces the formation of the TEV. This TEV has a strong negativepressure region in its centre that enhances lift during stroke reversal. This aerodynamic mechanism emerges from the dynamics of the short-amplitude wing beat of mosquitoes, and is not seen in insects that use longer translational phases.
The discovery of these mosquito aerodynamic mechanisms raises some questions. Do other animals use rotational drag and strengthening of the TEV through wake capture? When is it beneficial to use higherfrequency, low-amplitude wing strokes? What are the consequences of these types of aerodynamics for the evolution of wing design, behavioural ecology and the energetics of insect flight? Could these aerodynamic mechanisms provide insights into how the design of minia ture drones might be improved? Mosquito-flight investigations are certainly on their way to generating plenty of future research buzz. ■ 
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STRUCTURAL BIOLOGY
Receptors grease the metabolic wheels
Structural insights into adiponectin receptors provide evidence that these proteins have an inherent enzymatic activity, which gives them the ability to propagate signalling by their ligand, the hormone adiponectin. See Letter p.120
Adiponectin mimetics might unleash the full antidiabetic potential of these receptors.
Years Ago
Charles Darwin was in the habit of cutting from his notebooks those pages which were most useful to him when he was preparing to write his large book on natural selection, of which Origin of Species was but an abstract … Two sets of pages have since been found in the British Museum … Because the notes are concerned with transmutation of species, most of them refer to examples which illustrate some aspect of adaptive variation. Geographical distribution was very important to Darwin and he recorded examples of species which are peculiar to particular areas and of closely related species living together, such as two bears in Borneo and Sumatra which differ only in the form of a white mark on the breast. From Nature 8 April 1967
In reference to the inquiry of Dr. Walter Leaf in Nature of March 15 as to the interpretation of a passage of Strabo, the fact may possibly be of some interest that in the island of Mors, in Denmark, bricks are made from a local sandy clay which, after burning, float in water. These bricks are used, I understand, both as a refractory material and for ordinary building purposes … Their mechanical strength is said to be considerable. The porosity is not obtained by the addition of combustible or volatile matter during moulding. If the expression πηγνυμενας, used by Posidonius, be consistent with a process of burning the clay into bricks, and if clays of somewhat similar physical character to that of Mors … occur in Asia Minor and Spain, an explanation of the passage might perhaps be found in this direction.
From Nature 5 April 1917
The structures, in which the hydrophobic pocket is imaged at higher resolution than in the previous AdipoR structures 14 , revealed that AdipoR2 co-crystallizes with a fatty acid, which is located inside the hydrophobic binding pocket. The pocket forms part of a tunnel that spans the receptor, with one exit into the transmembrane region and two facing the cytoplasm (Fig. 1) . Vasiliauskaité-Brooks et al. next provided evidence that AdipoR2 binds to and hydrolyses ceramide. Structural analysis, along with biochemical data and computational models, revealed the conformational changes that enable enzymatic activity: ceramide binding is followed by a rapid rearrangement of the zinc binding site, leading to ceramide cleavage to form a free fatty acid in the binding pocket and a sphingosine molecule in part of the tunnel exposed to the cytoplasm. The sphingosine may be free to drift into the cell, providing an explanation for why it is not observed in the researchers' crystal structures.
The authors also generated a structure of AdipoR1 by reanalysing previous structural data 14 . AdipoR1 did not reveal the same tightly bound fatty acid and buried catalytic cavity as AdipoR2. Instead, the catalytic site and substrate binding domain are completely accessible to the inner leaflet of the plasma membrane. Nonetheless, biochemical data confirmed that AdipoR1 has adiponectin-dependent, inherent ceramidase activity.
These observations are of great importance, because they offer highly refined structural insights into the basic functions of AdipoRs that can be combined with physiological evidence from mouse studies to provide detailed mechanistic insights into receptor function. However, major questions remain. For instance, we still do not understand the structural basis for the interaction of adipo nectin with its receptors. Furthermore, although the authors' data clearly indicate that the enzymatic activity of AdipoRs is independent of other factors in vitro, it remains to be seen whether any accessory molecules can further enhance activity in vivo.
Finally, although Vasiliauskaité-Brooks and colleagues' biochemical experiments show that the presence of adiponectin increases the ceramidase activity of either AdipoR 25-fold, they cannot exclude the possibility that these receptors also possess another lipid hydrolase activity that could govern downstream signal transduction. Analyses of the lipid make-up of cells undergoing signal transduction and thorough screening of AdipoR activity in the presence of lipids other than ceramide could shed light on this issue.
Adiponectin sensitizes liver and fat cells to insulin in mice to promote nutrient uptake 4, 10, 15 . Moreover, circulating levels of adiponectin are higher in lean humans than in obese individuals, and correlate with fat-cell health and lowered risk of developing diabetes and heart disease. Thus, activation of signalling pathways downstream of adiponectin might help to prevent the development of insulin resistance and type 2 diabetes. The current study should greatly aid the quest to design drugs that promote AdipoR activity. Adiponectin mimetics might unleash the full antidiabetic potential of these receptors. He found that when a magnetic field is applied to a conducting material that has an electric current flowing perpendicular to the field, a voltage is generated that is perpendicular to both the current and the field. The sign of this voltage reflects the sign of the charges responsible for the current -a fact that has been widely used in various applications in solid-state physics. More than a century later, the Hall effect serves as the basis of many exotic physical phenomena, including the quantum Hall effect 2 , the spin Hall effect 3 and even the Hall effect of light 4 . Writing in Physical Review Letters, Kern et al. 5 report yet another unusual phenomenon related to the Hall effect. The authors show that the sign of the Hall voltage is inverted in a 3D structure inspired by chain mail, a type of armour consisting of small metal rings linked together to form a mesh, used since ancient times.
The authors' chain-mail structure belongs to a certain class of metamaterial -artificial structures whose electromagnetic properties differ drastically from those of the materials that comprise them. In the past two decades, it has been demonstrated that metamaterials can switch from having positive to negative electro magnetic coefficients. These coefficients include the dielectric constant, permeability and refractive index, all of which had previously been considered to be intrinsic properties of a material 6 . For example, negative refraction leads to various counterintuitive phenomena, such as a superlens that can produce images that have a resolution beyond the diffraction limit of an ordinary lens.
The 
Chain mail reverses the Hall effect
The sign of a material's charge carriers is usually reflected in the sign of the 'Hall voltage'. But for a structure inspired by chain mail, altering its geometry inverts the Hall voltage, even if the charge carriers are unchanged. 5 have constructed a 3D material consisting of microscale rings made of a polymer coated with zinc oxide. The zinc oxide is n-doped, which means that electrical transport occurs through negatively charged carriers. a, Shown here is a simplified illustration of the material's structure, in which there is a current (red arrows) passing through the grey rings and a magnetic field (B) perpendicular to the plane of the page. When the rings are not interlocked, a voltage, called a Hall voltage (V), is observed passing from the negatively charged blue rings to the positively charged red rings, in the expected direction. But when the rings are interlocked, a Hall voltage is observed in the opposite direction. b, Kern and colleagues' observations can be explained by considering a simple system consisting of an array of conducting bars connected by electrical wires (black lines) and placed in a magnetic field. When the bars are connected by straight wires (analogous to non-interlocked rings), a conventional Hall voltage is generated. But when they are connected by looped wires (analogous to interlocked rings), the voltage is inverted.
